S elf-cleaving ribozymes are autocatalytic RNAs that include the hammerhead, hepatitis delta virus (HDV), hairpin, the Neurospora Varkud satellite, and the bacterial GlmS motifs (1) . Recently, an HDV ribozyme-like fold was found in the human CPEB3 gene, but sequencebased searches were unable to identify this class of RNAs outside of mammals (2) . Because in HDV and CPEB3 ribozymes only six nucleotides (nt) are invariant, whereas about 60 nt are required to form the minimal fold, the conserved nested double-pseudoknot secondary structure (Fig. 1A  and fig. S1 ) was used to search genomic databases for RNAs capable of magnesium-dependent selfcleavage (3) (4) (5) .
In vitro self-scission was initially confirmed in six eukaryotes, one bacterium, and one insect virus (Fig. 1B, table S1 , and figs. S2 to S18). All eukaryotes harbor several HDV-like ribozymes, and some contain multiple sequence families (figs. S2 to S11). These sequences were used to search the GenBank Expressed Sequence Tags database (dbEST), where additional ribozymes, often in apparently self-cleaved form, were identified in plants, fungi, fish, insects, a tapeworm, and a unicellular ciliate (table S2) .
In Anopheles gambiae, representatives of two ribozyme families were tested in vitro ( Fig. 1 and figs. S2 to S5). The drz-Agam-1 ribozymes were found by using a restrictive structure descriptor and closely resemble HDVand CPEB3 ribozymes, whereas the drz-Agam-2 family was found by using a descriptor that permitted extended J1/2 and P4 regions. Although previous work demonstrated that a variable P4 helix does not affect catalytic activity (6) , an expanded J1/2 region has not been observed. This feature appears to stabilize the overall structure, with a fast cleavage rate constant of 1.7 T 0.4 min −1 at 37°C (Fig. 1C ). Rapid amplification of cDNA ends (5′ RACE) experiments performed on total RNA extracts from basic developmental stages of A. gambiae showed that the sequenced 5′ ends map to the in vitro verified self-cleavage sites. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) revealed highly differential expression and selfcleavage of the ribozymes (Fig. 1D and figs. S2 to S5), suggesting that both processes are regulated.
Several other sequence families contain features unusual for HDV and CPEB3 ribozymes. In drzSpur-3, the P1 helix is only six base pairs long, yet the ribozyme undergoes efficient self-cleavage (Fig. 1B and fig. S8 ). Drz-Spur-4, drz-Ppac-1, and drz-Dpap-1 contain only one adenosine in the J4 and J2 section (figs. S9, S14, and S19).
Although in vivo analysis of other ribozymes has not been conducted, several findings indicate potential biological activity. In nematodes, the ribozymes (drz-Ppac-1 and drz-Cjap-1; figs. S12 to S15) are intergenic and widely distributed, with drzCjap-1, or its fragments, composing up to 1/10,000 of the animal's genome. These copies reside between conserved downstream sequences and diverse upstream sequences and likely play a part in retrotransposition. A similar role is hypothesized for Strongylocentrotus purpuratus and A. gambiae ribozymes, which appear within or near genes coding for reverse transcriptase-like proteins. Other ribozymes likely partake in RNA processing: drz-CIV-1 resides between predicted transcription and translation start sites of an RNA polymerase largesubunit gene, drz-Fpra-1 maps between two metabolic genes, and drz-Dpap-1 bisects a transcript containing an upstream splice-leader sequence and downstream 5S ribosomal RNA (figs. S17 to 19).
Our results indicate that HDV-like ribozymes, and likely ribozymes in general, are widely distributed in nature and may play a variety of biological roles. Although alignment-based sequence searching can uncover conserved regions of these molecules, a structure-based approach has proven more effective at finding new functional RNAs. 
